Previously, we reported that males with mental retardation (MR) (MR group) expended more energy than males without MR (control group) at a given work load. The precise physiological mechanisms for this difference remain unclear. Using the same set of subjects (23 age-, height-, and weight-matched male pairs, mean age: 36.3y), we examined possible causes for the observed metabolic difference by monitoring physical movements and evaluating the metabolic capability of the skeletal muscles. In the supine position when no body movements were detected for any subjects, oxygen consumption (VO2) and heart rate (HR) were not markedly different between the MR and the control groups. By contrast, in the sitting and standing positions and during walking at 30 and 50m/min, when signi fi cantly larger body movements were monitored in the MR group, VO2 and HR were signi fi cantly higher in this group than in the control group. Linear regression analyses, performed separately in the MR and control groups, revealed that the slope of the regression line of HR on relative exercise intensity (%VO2max) during walking, that of VO2 on walking speeds, and that of VO2 on the number of steps in the MR group were almost identical with those in the control group. These results suggest that the capability of skeletal muscles was not so dif ferent between the two groups. Thus, the high energy expenditure in the MR group was suggested to be a result of excessive body movements rather than an intrinsic incapability of skeletal muscles.
Fernhall et al. (1) reported that aerobic force, one of the best indices of physical fitness, is 20-40% lower in individuals with mental retardation (MR) than in those without MR. This difference is thought to be due to the physically inactive lifestyles of people with MR (2, 3) . Physical inactivity increases the risk of cardiovascular disease (CVD) (4) , which is more prevalent among peo ple with MR than among people without MR (5, 6) . Therefore, in order to prevent CVD in people with MR, it may be important to modify their lifestyles. Few studies have examined the characteristics of energy expendi ture during activities of daily life (ADL) among people with MR, which is essential in planning a physical exer cise program.
Previously, we reported that males with MR ex pended more energy than males without MR (7) . We suggested that either extra movements, such as body swinging, or an intrinsic metabolic abnormality may result in a difference in the energy expenditure between people with and without MR.
To explore the possible mechanisms of the observed metabolic difference, we used the same subjects as in our previous study, but examined both the individual's physical movements and the metabolic capability of the skeletal muscles. We combine the results of this study with our previous findings and present a comprehen sive discussion. 
where V0, the volume of the chamber (195L); V1, the amount of diffused SF6 after attaining equilibrium; X, the concentration of SF6 gas (ppm). The body density (body mass/body volume), body fat (%) (12) , and lean body mass (LBM) (body mass-fat mass) were calcu lated. Measurement of basal, resting, and walking metabolisms. Basal, resting, and walking metabolisms were measured by indirect calorimetry using the Douglas bag tech nique (13) . The method of BMR measurement was based on the DuBois (14) procedure. The BMR was measured by collecting two consecutive 7min samples of expired air. Resting metabolism was measured by col lecting the expired air of the subject for 10min while he was in the supine position, for 5min in the sitting posi tion, and for 5min in the standing position. Walking metabolism was then measured as the subjects walked around a track (circumference: 60m) at speeds of 30, 50, and 70m/min. The track was equipped with timing lights at 2-m intervals which lit in sequence and paced the subjects at a standardized walking speed (Pace leader, PL-100C, Yagami Inc., Nagoya, Japan). The total elapsed time of the trial was 12min. The expired air was collected using the Douglas bag for the last 2min for each walking speed.
Estimation of maximal oxygen consumption. A maxi mal exercise test was performed using a progressive submaximal workload protocol. A computer-controlled bicycle ergometer (FFS, Bridgestone Cycle Co., Tokyo, Japan) was used. Each subject exercised at three work loads that corresponded to 40, 50, and 60% of his own maximal oxygen consumption (VO2max), which was estimated for his age. Each load was maintained for 4min, and the three loads were applied consecutively Values are given as the mean (SD). a p , MR group vs control group by paired t-test. b Values determined by the SF6 dilution method .
BMI: body mass index, LBM: lean body mass, VO2max: maximal oxygen consumption. The average magnitude (above 0.002G) of a composite of the 3-dimensional acceleration vectors. for a total of 12min. Expired air was collected in the Douglas bag for the last 1min of each load. After a graph was prepared for HR versus VO2 at the three load levels, a regression line was drawn. With the assump tion that the maximal HR (HRmax, beats/min) can be calculated as 220minus the subject's age in years, the VO2max was estimated as the VO2 at HRmax. Measurement of oxygen consumption. The oxygen and carbon dioxide content of the expired air were mea sured with an expired air analyzer (Expired Gas Monitor 1H26, NEC Medical Systems, Co.). The total volume of expired air was measured with a dry gas meter (DC-5A, Shinagawa Factory, Tokyo, Japan) and was corrected for temperature, pressure, and humidity.
Measurement of body movement with an accelerometer. Body movement was measured using a 3-dimensional accelerometer (Activetracer, AC-300, GMS Co., Tokyo, Japan), which records the magnitudes (above 0.002G) of the 3-dimensional acceleration vectors and their composition every 40ms. In this study, this device was set to yield the average composite acceleration (above 0.002G) of the magnitudes of the 3-dimensional accel eration vector every 20s. Statistical analysis. Differences between the data for the MR group and the control group were assessed using a paired t-test or t-test. Values for a two-sided test (p<0.05) were considered statistically significant. Cor relation and linear regression analyses were done sepa rately for the MR group and for the control group to assess the relationships between walking speed and VO2, between the number of steps and VO2, and between relative exercise intensity (%VO2max) and HR during walking. All analyses were conducted with a SPSS ver. 10.0 (SPSS Inc.).
RESULTS
The VO2max (mL/kg/min) for the MR group was 18.0% less than that of the control group (p=0.039). In addition, the VO2max (mL/kg LBM/min) was lower in the MR group by 17.8% (p=0.038) ( Table 1 ).
In the basal state and supine position, no marked dif ferences were detected between the two groups with respect to VO2 and HR (Table 2) . However, VO2 and HR in the sitting position and those in the standing position were higher for the MR group by 17.7% (p=0.002), 17.3% (p=0.001), 18.6% (p=0.003), and 17.6% (p=0.001), respectively. Vacillation of the center of gravity was measured in 17 individuals of the MR group and 16 individuals of the control group. No body movement was detected for any of the 33 subjects in a supine position. However, subtle body movements were recorded in 16 of the 17 subjects with MR in the sitting and standing positions, while no body movements were detected in the control subjects (Fig. 1) . Table 3 and Fig. 2 %VO2max and HR during walking in both groups. In a similar manner as seen in Fig. 1 , the regression lines for the MR and control groups were parallel, indicating that HR at a given %VO2max was systematically higher in the MR group than in the control group.
DISCUSSION
We previously reported that VO2, HR, and body movements at a given walking speed were significantly higher in the MR group than those in the control group (7) . In the present study, there were no differences between the two groups in WSR or in increments (%change) of VO2 with an increasing walking speed; the regression line slopes in both groups were almost identical. When slope is constant, energy expenditure for walking can be determined by extent of mobilization in related active muscles per unit time. Therefore, these results suggest that the metabolic capability of skeletal muscle was similar between the two groups.
Although maximal exercise testing is the gold stan dard for measuring aerobic capacity, this technique is difficult to use in many populations that have disabili ties (15) . VO2max was computed by interpolating pre dicted age-adjusted HRmax in the regression equation of VO2 on HR; data were obtained during steady exer cise at three different work loads of moderate intensity (16) . The formula for estimating VO2max was prepared for each individual in both the MR and control group. Nonetheless, uncertainty exists as to whether this for mula is appropriate for individuals with MR. It is well established that HRmax is reduced with increasing age in individuals without MR, but such a relationship remains unclear in individuals with MR. In the present study, HR for walking is linearly related to %VO2max, and no marked differences were found in this relation ship between trained and non-trained persons (data not shown). Furthermore, no individual in the MR group suffered from heart disease. These results suggest that HRmax can be predicted for individuals in the MR group by using the same equation that applies to indi viduals without MR. Thus the estimated VO2max in the present study can be used to evaluate differences between individuals with and without MR.
The VO2max or VO2peak was lower in individuals with MR than in individuals without MR by 20 to 40% (1), by 30% (17) . In addition, Morgan (18) reported that the predicted VO2max in depressed psychiatric females was 24% lower than that in healthy females. The present study shows that VO2max in the MR group was lower than that in the control group by 18.0% which is comparable to the previous reports (1, 17, 18) .
A reduced VO2max was observed in the MR group even though individuals in both the MR and control groups had a similar body composition. It is difficult to discuss the reason for this difference because no direct measurements of VO2max (e. g., cardiac output during moderate or maximal exercise) were taken. Given that the degree of physical activity performed during free time strongly affects VO2max, a decrease in VO2max may be related to the prolonged sedentary situation in daily free time among individuals with MR (19 (20) . This suggests that the required energy includes the standing position VO2 in addition to other work components of walking, e. g., body swing frequency and kinetic work in the movements of the legs. In fact, WSR was rectilinearly correlated to VO2 during standardized walking in both groups.
Heart rate during walking was linearly related to VO2
and HR response to %VO2max was similar between groups. These observations illustrate that VO2 in the MR group was higher than the control group for stan dardized ADL while walking and while in an antigrav ity posture.
Intensity could also be estimated by calcu lating HR response. VO2 showed a linear relationship when plotted against external work (walking speed) or against WSR and, therefore, can be represented by the equation, y=a+bx. The reciprocal of b can be used as an expres sion for efficiency, called delta efficiency (20) . No differ ences were observed in b between the MR group and the control group, which suggests that delta efficiency is similar in both groups. This further indicates that both groups were similar in ADL with respect to mechanical and metabolic characteristics.
This study has shown that energy expenditure in individuals with MR increases with excess body move ment despite healthy metabolic function. Accordingly, these findings suggest that energy indices used for healthy individuals (e. g. the 'Mets') are inapplicable to the assessment of energy expenditure during ADL of MR individuals. In order to determine a suitable energy requirements for people with MR, further studies are needed on energy expenditure.
